Six demonstration burns were conducted between 1974 and 1976 as part of the Utah Rangeland Development Program. Big sagebrush (Artemisiu tridentutu), the target species, was essentially eliminated on the areas that were burned. Five of the six burns were seeded, with predominately crested wheatgrass (Agropyron desertorum).
1973) if proper safety precautions are taken and environmental conditions are planned for.
Multiple use benefits have been enhanced by fire (Wright 1971) . Forage production has increased following burning in sagebrush (Nielsen and Hinkley 1975; Uresk et al. 1976 ) and juniper (McCulloch 1969) . Increased vigor of fire resistant grasses has been observed following burning (Daubenmire 1968) . In some situations, water yields have been increased by the removal of sagebrush and juniper (Burkhardt and Tisdale 1969: Warskow 1977) . With few exceptions, upland wildlife have an affinity for subclimax plant associations which fire is important in maintaining (Miller 1963) .
Big sagebrush (Artemisia tridentutu) and juniper (Juniperous osteosperma, and J. monosperma) have been the object of many shrub control efforts in the Western United States. These species were present in the climax condition, but overgrazing reduced many desirable species and fire suppression prevented the natural check of sagebrush and juniper (Wright 1977) . Sagebrush increased to where it totally dominated much of its original range (Blaisdell 1953; Cottam 1947; Tueller 1973) , and juniper increased in density and encroached upon sagebrushbunchgrass communities (Blackburn and Tueller 1970; Plummer 1958; West et al. 1975) . Grazing management alone will not check invasion of juniper nor appreciably improve deteriorated sagebrush and juniper communities (Blackburn and Tueller 1970; Burkhardt and Tisdale 1969) .
Ri\ks '11-e incurred when using fire as a vegetation manipulation tool. Fire can readily escape and consume valuable forage, destroy fences and facilities, and leave the land owner liable for damages. (Pechanec et al. 1954) . Accelerated erosion by both wind ant water can occur until vegetative cover is reestablished (Pechanec et al. 1954; Wri ,rt et al. 1976) . If undesirable sprouting shrubs and annual grasses are abundant in the vegetative community, burning may enhance the competitive advantage of these unwanted species and further degrade the site (Pickford 1932) .
The key to effective burning is to select the climatic and environmental conditions in which fire will damage the target species without causing undue harm to the desirable species. Several articles have reviewed the effects of fire and burning conditions on a variety of the more important vegetative species (Blaisdell 1953; Britton and Ralphs 1978; Conrad and Poulton 1966; Wright 197 i , 1972 Wright 197 i , , 1977 . and Utah State University Extension Service were involved in various aspects of planning. implementation. and tallow-up management of the prescribed burns. the northwest corner of Utah, was selected as the first Demonstration Ranch. The improvements were conducted on a broad, gently sloping alluvial flat at the base of the Raft River Mountains. The area had a long history of heavy grazing and was in poor condition. The range site was a semidesert shallow hardpan (40%) semidesert stony loam (60%) complex. Soils were a greyish-brown clay loam with a large percentage of fractured rock of granitic origin throughout the horizons. A hardpan existed about 30.5 cm (12 inches) in depth on the semidesert shallow hardpan site. Black sagebrush (Artemisia arbuscula) dominated this site with small amounts of bluebunch wheatgrass (Agropyron spicutum) and sandberg bluegrass (Pea secundu). Soil on the stony loam site was moderately deep (25~-hl cm), and big sagebrush dominated with very little understory vegetation. Precipitation averaged 305 mm ( I 2 inches) with 60% falling in the winter months.
Elevation of the site was 1,646 m (5,400 feet). Toward the base of the mountain, juniper dominated the site but decreased as it spread into the sagebrush community on the alluvial flat.
A lightning-caused fire burned 73 ha (I 80 acres) of sagebrush and juniper in the west pasture in 197 I. Crested wheatgrass was drilled into the ashes and a good stand was established. These results demonstrated the site potential and were instrumental in gaining agency and rancher approval to burn other suitable areas.
The first prescribed bum was conducted in September of 1974 within the west pasture. Three hundred and sixty-five hectares (880 acres) were actually burned and drilled to crested wheatgrass at the rate of2.72 kg (6 lb) per acre. The second burn was conducted in August of I976 within the middle pasture. Five hundred and sixteen hectares ( I.275 acres) were burned and drilled to crested wheatgrass (Agropyrotz tleserrorum), alfalfa (Medicago sutivu), and yellow sweet clover (Melilotus o$fichdis) at a rate of 2.72, 1.12, 1.12 kg per hectare (0, I, I lb/acre), respectively. Four 30.5-m permanent line transects were installed in key areas on the semidesert stony loam site in each pasture prior to treatment to measure the percentage change in vegetative cover. Two 30.5-m permanent line transects were installed on the wildfire seeding to determine vegetative cover and measure the improvement that resulted from 2 years rest from grazing. Annual forage production was determined by the SCS ocular estimate in the west pasture prior to the burn in 1974 and by clipping a series of 2.93-m" (9.6 ft") plots in subsequent years (1975) (1976) (1977) . Clippings were taken on the middle pasture in I975 and 1976 prior to burning and in 1977, the first year after treatment.
The fire did not bum thick, mature stands of juniper. Sufficient understory vegetation to carry the fire was not present and the winds were light and would not sustain a crown fire. To finish treating the area, 356 ha (800 acres) ofjuniper were double chained in the winter of I97h. Crested wheatgrass, alfalfa, and yellow sweet clover were aerially broadcast on the site between chainings.
Scipio
Scipio West Bench Grazing Association is located on a gently sloping alluvial tlat at the base of the Canyon Mountains about 6.1 km (-I miles) west of Scipio in central Utah. The range site was an upland stony loam in poor condition with a uniform stand of dense big sagebrush and very little understory vegetation. The elevation ranged between I ,890-2,073 m (6,2000-6,800 feet). Precipitation averaged -I IO cm (Ih inches) with 20-15% falling during the growing 4eason. The soils were deep and well drained. The surface layers were dark grayish-brown loam between 15-X cm (6-10 inches) thick I\ irll a high percent of cobbles. The surface soils were moderately te\ltIrcd with cobbfy and coarse fragments increasing with depth.
; III> a~rea was split into four 321-ha (800 acre) pastures, and a i-1 , permanent line transect was installed in a key area within each pasture to determine percent change in vegetative cover. Three pastures were burned in July and August of 1976. Cool, humid \ceLith<r terminated burning before ail pastures were treated. The remaining pasture was do1 le-chained with a modified Ely chain. The treated areas were aerially seeded to crested wheatgrass, intermediate bheatgrass (Agropyrorl intermedium), and yellow sweet clover and then covered with a chain.
268

Diamond Mountain
Diamond To determine percent change in vegetative cover, a 30.5-m permanent line transect was installed in Walker pasture and two IOO-toepace transects were taken before and after the Calder bum. Forage production prior to, and I year following both burns was determined by clipping a series of 2.93 m2 plots within each pasture. The Calder burn was drilled to crested wheatgrass, Russian wildrye (Elymus junc.eus), alfalfa, and yellow sweet clover. The Walker burn was not seeded.
Altamont
The Myrin burn was conducted on a sandy river bottom 1 I km (7 miles) southwest of Altamont in the Unita Basin in August of 1976.
The big sagebrush was 1 .2-Z. I m (4-7 feet) tall with no understory vegetation. Burning conditions were marginal and 'A of the area was left unburned. The unburned area was plowed with a rototiller and the entire area was drilled to crested wheatgrass, Russian wildrye, alfalfa, and yellow sweet clover at 4.48, 1.2, 1.2, 1.2 km per hectare, respectively. No pre-or post-treatment measurements were taken on this project.
Burning Prescriptions
The planned burnmg prescriptions for all six bums were similar: temperatures greater than41.67"C (75"F), relative humidity 15--20%, and winds steady at 8 -16 km per hour (5 -IO mph). These conditions were necessary to get a large broadcast burn on the extensive acreages involved. Other prescribed burn preparations were outlined and t'ollowed (Ralphs et al. 1975) .
Treatment costs were obtained from the ranchers, and the average cost of prescribed burning and associated improvements was determined. An economic analysis of the 1974 Park Valley west pasture project was conducted to determine the profitability of burning and seeding. An AUM was assumed equal to 1000 lb of forage and valued at $5. Proper use was 65%, and the lifetime of the seeding was assumed to be 20 years.
Results
Park Valley
Sagebrush was essentially eliminated on the areas within the fire guards that actually burned. Due to the release of native irrasses and seeded species, grass and legume cover increased an zverage of 350% (Table 1) . On a similar site in southern Idaho which had a good stand of understory grasses and forbs prior to burning, grass cover increased 90% after 4 years (Blaisdell 1953). There were no pretreatment cover measurements for the 197 I wildlife and seeding but transects installed in 1974 and read in 1975 and 1977 revealed that the grass cover increased from 4.5% to 16% as a result of a Z-year rest. This attests to the benefits of periodic rest of heavily used seeded spring range.
Forage production increased from 1 I2 kg/hectare ( 100 lb/acre) to an average of 703 kg/hectare (628 lb/acre) in the west pasture. The middle pasture forage incresed from 84 kg/hectare (75 lb/acre) to 52 1 kg/hectare (46.5 lb/acre) in the first year following the burn. There was essentially no forage production under the juniper sland prior to chaining, but forage production the first year after treatment was 157 kg/hectare ( 140 lb/acre). The j-year average forage production on the wildfire seeding was 1,008 kg/hectare (900 lb/acre). On a slightly more favorable site in Central Utah, Cook ( 1966) obtained an average yield 
Scipio
A very hot and intense fire resulted from extremely dry conditions and low humidities on the Scipio burn. Big sagebrush was entirely eliminated from all of the area that burned. The area was seeded, but the 1976-1977 drought was especially severe in central Utah, thus preventing establishment of the seeded species. Only 127 mm (5 inches) of precipitation fell between May of 1976 and August 1977, compared to the water year average of 4 10 mm ( 16 inches).
Sagebrush cover in the chained pasture declined from 24% to 10%. Due to lack of competition from native perennial grasses and failure of seeded grasses, the remaining sagebnish is expected to increase in vigor and regain dominance of the site.
Diamond Mountain
Approximately
80% of the area within the two Diamond Mountain projects actually burned. Some of the less dense stands of sagebrush did not burn and created a mosaic burn pattern. The resulting diversity of vegetation enhanced the aesthetic and wildiife values of the site. The remaining sagebrush also functioned as wind breaks and drifting soil and ash was deposited in and around these islands.
The Walker burn was the only one not followed by seeding. Grass cover decreased from 23% to 16%. Perchanec et al.
( 1W-l) also reported a decline in grass cover in the first 2 years following the burn, but it increased 60% by the end of 12 years. An almost pure grass stand, dominated by western wheatgrass (Agrop_~rm smithii), remained and is expected to fill in and incresc in density and cover in subsequent years.
The Calder site was drilled but seedling emergence was spotty. On the open ridges where there was little competition from native grasses, seeded species became established. Howeccr. in the swales, competition from native grasses prevented seeded species from becoming established.
The combined et'l~ct of seeded species and increased native grasses improved the grass and legulne cover from 17% to 28%. There was little increase in forage production the first year after treatment, but production is expected to increase as the grass stand matures.
( 'ost s
Burning costs were separated into two categories: cash costs or actual expenditures by ranchers; and noncash costs, which JOURNAL OF RANGE MANAGEMENT32(4),
July 1979 included all of the donated equipment, manpower, and rancher's labor. The average cash cost of the prescribed burns was 32 97/hectare ($1 .20/acre). The major component was fire line . construction.
Existing roads and natural fuel breaks were used as much as possible but some lines had to be constructed. The average cost was $2.69/hectare ($l.O9/acre) or $88/kilometer ($1-!2/mile) of line constructed. Other cash cost included fuel for ignition and miscellaneous labor expenses. Labor was the largest component of the noncash costs averaging 5.07/hectare ($2.05/acre). Equipment costs were 2~3.03/hectare ($1.47/acre). The total cost, including both cash and noncash costs, was $1 1.32/hectare (!$4.58/acre). This approximates Nielsen and Hinkley's ( 1975) estimate of !$9.88/-hectare ($4.00/acre), and is substantially lower than spraying, plowing, rotobeating, or chaining sagebrush.
All but one of the projects was seeded following the burn. Rangeland drills were used on four of the projects and acquired through cooperative agreements between the Soil Conservation Districts and the Forest Service or BLM. There were no rental costs for the drills, but parts and repairs were included in the seeding costs. The average cost of seed and drilling was B 17.79/hectare ($i .20/acre). On the Scipio burn, the seed was aerially broadcast and then covered with a chain for $24.71/-hectare ($1 O/acre).
The costs of additional treatments to complete renovation of the pastures were considerably greater than burning. The cost of double chaining juniper and seeding to crested wheatgrass, alfalfa, and clover on the Park Valley project was $44.62/hectare (Sl8.0h/acre). Double chaining sagebrush with an Ely chain and seeding on the Scipio project was $33.88/hectare (b 13.7 1 /acre). Rototilling sagebrush on the Altamont project cost $21.7 1 /hectare ($1 O/acre).
An economic analysis of the Park Valley west pasture development, including the bum, seeding, fence, and water developments, gave an internal rate of return of 8%. The fencing was completed prior to the burns, and the water developments would have been installed had the burn not taken place. Without these additional improvements, the internal rate of return for the burning and seeding alone would have been 17(/c.
Problems Encountered
Weather conditions determine the behavior of a fire and consequently the effectiveness of a burn. The range of condi-tions necessary to obtain a good bum yet maintain safety margins are very narrow. Temperatures must be high enough to lower the mid-day humidity below 20%. Experience for these bums showed that the dampening effect at higher humidities prevented fire from spreading. However, in gullies and draws supporting dense stands of big sagebrush, sufficient heat was generated to preheat forward vegetation and overcome the suppressive effect of higher humidities. Conversely, humidities h below 15% make vegetation very explosive and greatly increase the risk of a fire escaping.
A steady breeze is also necessary to carry a fire throughout the burning unit. Variable winds cause a fire to lose momentum, resulting in a patchy, nonuniform burn. On the other hand, whirlwinds or strong gusts can easily carry burning debris across the line and start a fire outside the burning unit. Unpredictable and inconsistent weather conditions increase burning hazards and raise manpower and equipment demands.
Wind erosion was another factor that caused severe problems in a nearby community. Blowing dust and ash annoyed residents close to the burn. However, where seedings were successful, wind erosion and blowing dust ceased after the first year. Pechanec et al. ( 193) was in agreement that accelerated erosion was arrested 2 years after the bum.
The biggest risk encountered was that of fire jumping the line and escaping. There was not one burn that the fire did not jump at least once. Fortunately, most of the spot fires were contained before they escaped. One did get away and burned additional private, BLM, and Forest Service land and ranchers were faced with a large suppression bill. 
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